We describe a nonlinear feedback functional method for study both of control and synchronization of spatiotemporal chaos. The method is illustrated by the coupled map lattices with five different connection forms. A key issue addressed is to find nonlinear feedback functions. Two large types of nonlinear feedback functions are introduced. The efficient and robustness of the method based on the flexibility of choices of nonlinear feedback functions are discussed. Various numerical results of nonlinear control are given. We have not found any difficulty for study both of control and synchronization using nonlinear feedback functional method. The method can also be extended to time continuous dynamical systems as well as to society problems.
INTRODUCTION
"Two fundamental questions dominate future chaos control theories. The first is the problem of controlling higher-dimensional chaos in physical systems
The second question has yet to be addressed: the problem of control in a spatiotemporal system" [1] . In recent years, control and synchronization of hyperchaos in higher-dimensional systems as well as spatiotemporal chaos (STC) in spatially extended systems have become Corresponding author. 283 a much more important and challenging subject. This is because the behaviors in spatially extended systems are extremely rich [2] has been found to be very effective for parallel signal processing and real-time simulation of phenomena described by PDE [3] . STC occurs in continuous physical systems (such as in optics and plasma systems, etc.) when different types of motion interact to destroy the spatial coherence of the system concurrent with the onset of temporal chaos. This phenomenon is also described by PDE [4] . Controlling STC in such systems turns out to be more difficult and much more interesting. Here we do not seek to describe the characterization and classification of the all possible spatiotemporal behavior. Our goal in this letter will focus on control of STC by using nonlinear feedback functional method (NFFM). Because the CML, among the above models, has been quite popular recently, various studies have been carried out o/n it. The reasons for its popularity are simplicity in analysis and simulation [2] . This model is tractable, easy to handle numerically as well as analytically, and is sometimes able to capture the essential qualitative feature of physical systems. Detailed studies show [2] that it can give rise to a variety of rich spatial and temporal structures, therefore, we will illustrate the NFFM with the CML in this paper.
There have been some attempts toward attaining control and synchronization and offer the possibilities of control of STC in recent years . Among them, however, most of above methods are based on linearized models and the concept of linear feedback which is restricted to small perturbation in the linear regime. Therefore this paper is particularly interested in nonlinear feedback methods (e.g. [22] [23] [24] ). Here we mention some of above methods. An experimental control and synchronization of spatially extended globally coupled multimode laser was carried out [5] . The [4] . It uses a small time-and space-dependent feedback to perturb a variable of the system and has been demonstrated numerically in a transversely extended three-level laser. Although most control methods for the above various spatially extended systems belong to linear feedback, nonlinear control of STC has been paid attention to recently, such as integrated approach for nonlinear feedback control was presented with the Gray-Scott model for cubic autocatalysis in a flow reactor [21] . Therefore this subject still calls for new approaches, in which nonlinear feedback control has become a much more important direction both in automatic control as well as in control chaos [22] 
or for continuous systems
The state vector X (Xn Xdn) 
Equations (6) and (7) [23] . The method will be extended further to control of STC in this work.
The important point to note here is that the flexibility in the choice of G,,(i) or G(X, Y) provides robustness and efficiency to the method for dealing with not only chaotic and hyperchaotic, but also spatiotemporal chaotic systems of diverse nature.
The transition time of realizing control/ synchronization for a given CML is measured by the zeros (to machine precision) of the function A(.), where for discrete map systems
and for continuous systems,
This is a qualifying measure for both control and synchronization.
The above unified description for study of both control and synchronization in the CML can be easily extended to continuous spatially extended systems. To do this, let us consider two n-dimensional autonomous dynamical systems described by the differential equations
Here the state vectors X,Y E R n are n-dimensional vectors with components X1, X2,..., X and Y1, Y2,..., Yn respectively. The vector functions F and G have the components F1, F2,..., F and G1, G2,..., Gn respectively. The Eqs. (8) and (9) are equivalent to Eqs. (1) (1) and (3) and Eqs. (8) and (9) 
Mathematically, this decomposition scheme is 
(IS) (19) (20) 
(25) (26) 
while for the types of CMLs described by some authors, such as Kaneko [2] [26] . Thus the NFF1 with any g,,(i) from Eqs. (15) [26] . In what follows we give examples.
1. Period-2 both in space and in time if a-4, and e < 1/4:
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8 (2) Figure 2 shows stabilized period-2 pattern by NFF1 (15). (8), (16), (14) and (21) can always control the STC in four kinds of connection form of CML. We see the transition time n is generally less than 20 for CMLRR, CMLS and CMLK, and n 46-66 for the CMLH. Figs. 7(a) and (b) . Synchronization of the STC in Fig. 7(b) with Fig. 7(a) is achieved by applying the NFF1 Eq. (21) only at site 4 with /=0.5 and at site 10 with 3' 2.5, respectively; the corresponding transition times A(n) are shown in Fig. 7 (c) and (d).
Obviously the NFF1 can work well. It takes more transition time than that using feedback at each site but can save a lot of feedback signal in practice. Synchronization of periodic structure is also realized similarly.
Conversion of the CMLs from the STC to Various Periodic Patterns
It is also interesting that all CML systems of Eqs. (29)- (33) can be switched from the STC to the FP and various periodic patterns in time and in space by using suitable NFF1 with right Figure 9 shows some typical controlled 3-dimensional patterns generated by using NFF2, What is the mechanism for both cases by the NFFM? It is exciting to know development process for stabilizing UPP once the NFF signal is applied to the variables of the lattices. It is very similar to the process of reorganization in Ref. [4] and we observe synchronization itself to goal UPP in the CMLs. There are about three stages of evolution in general controlled by the NFF1. The first stage of evolution is still in chaos both in space and time when the feedback signal is just applied in the beginning, in which there are a few goal periodicities emerging through competing with different periodic patterns due to the role of the feedback signal G,,(i) and reorganization. When time evolution is going on, catastrophe phenomena occur in both time and space, where the goal UPP becomes winner, clearly preferred stable periodic pattern suddenly begins to synchronize with the goal pattern. Finally, it takes over the whole lattice when time n goes on increasing. We also observe that the time scale of this transition of the goal time periodic pattern is found to be the same as that of the spatial transition to the spatial periodic pattern. This shows that the NFF signal speeds up simultaneously to synchronize to the goal pattern for the CML both in space and time. The above processes exhibit a possible mechanism of control of STC by the NFFM.
It is shown above that the nonlinear forms of the feedback function, such as main kinds of NFF1, Eqs. (15)- (22), are effective for controlling STC and synchronizing chaotic and hyperchaotic systems [23] . Obviously, the feedback scheme of Eqs. (1) and (3) and Eqs. (8) and (9) not only includes the approaches just mentioned but also has the flexibility of introducing possible new feedback functions and thus giving robustness to the method of feedback control, such as the active-passive decomposition scheme [24] and the approaches of Pecora and Carroll [25] .
There are large classes of the NFF1 which may satisfy the above requested property. But there is no general method of constructing NFF1 so far. The NNF2 is suitable for generating new dynamics when desired UPP may not be known or it is not necessary and difficult to be found. Because of the robustness of the NFF method, it does not seem to be hard to find some feedback functions both of NFF1 and NFF2 for a given system by trial and error. One can explore larger classes of nonlinear feedback functions to control or synchronize chaos and hyperchaos [23] as well as spatiotemporal chaos. We anticipate that a realization of the existence of such a flexibility will help design appropriate feedback control/synchronization in real experimental situations. It would be very interesting to see how these findings can be put to use in experiments. One area to which our findings may be directly relevant is the storage and retrieval of memory in neural networks. Another possible area of application is in secure communication spatiotemporal chaotic or hyperchaotic signals are transmitted to mask a message and a synchronized receiver system is set to recover the message. Thus it may improve security and obtain a more efficient encoding of information.
In conclusion, the unified nonlinear feedback functional method is presented to study both 
